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1
SINGULATION OF IC PACKAGES

The invention relates to the singulation of electronic IC
packages.

IC packaging is one of the final stages involved in the
fabrication of IC devices.

During IC packaging, one or more IC chips are mounted on
apackage substrate, connected to electrical contacts, and then
coated with an encapsulation material comprising an electri-
cal insulator such as epoxy or silicone molding compound.
The resulting IC package can then be mounted onto a printed
circuit board (PCB) and/or connected to other electrical com-
ponents.

In most IC packages, the IC chip is completely covered by
the encapsulation material, while the electrical contacts are at
least partially exposed so that they can be connected to other
electrical components. A metal leadframe is commonly used
to form part of the IC package, and defines the external
electrical contacts.

The electrical contacts can for example form leads extend-
ing out from the sides of the encapsulating material. The leads
typically are bent downward to form connections with elec-
trical components on a PCB. However, these leads tend to
significantly increase the size of IC packages.

IC packages are also known in which the external leads are
replaced by electrical contacts that are covered on top by the
encapsulating material but exposed on the bottom of the IC
package so they can be connected to electrical components
located beneath the IC package. These IC packages, referred
to as “leadless” IC packages, tend to occupy less space com-
pared with conventional IC packages due to the absence of the
external leads. In addition, these IC packages eliminate the
need to bend the leads to form connections.

Currently most semiconductor leadless plastic packages
have anon-exposed lead end, sometimes termed a “pullback™
lead terminal. Some end customers or users do not prefer to
use this package type due to non-visibility of the solder joint
after mounting on a PCB. Particularly, medical, military and
automotive applications require all solder joints to be visible
under low power microscope inspection, which is difficult for
pullback terminals. Thus, planar terminals are often preferred
(sometimes termed “no pullback” terminals).

This invention relates specifically to the singulation of
individual packages after the packaging process has been
applied to an array of devices. It can be applied to different
package types, but is of particular interest for leadless pack-
ages.

In order to divide individual packaged chips from a 2D
array, a set of row cuts and column cuts are required. Plating
of the leadframe contacts is required after a cut, so that an
exposed cut edge is also plated.

A known process involves cutting the input/output (I/O)
leads up to the encapsulation material surface, but not sawing
through the encapsulation material. Connecting tie bars
within the encapsulation material remain intact, and these
serve as an electrical path for tin electroplating to allow to
plating ofthe I/O lead ends. This partial cut exposes side walls
of the leadframe contact pad, before the plating.

However, since the sawing is not through the complete
structure, a second cutting step is required after plating. To
avoid damaging the plated surface during final package sin-
gulation, it is required to use a thinner sawing blade for the
second sawing operation. This second sawing operation is in
the same locations as the partial cuts, and is followed by the
cuts in the orthogonal direction.

A problem with this approach is that the cuts in one direc-
tion are carried out as a two-sage process, requiring three
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cutting operations in total. Also, accurate alignment between
the two stages of the two-stage cutting process is required.
The final product also has a stepped outer profile resulting
from the two-stage cutting process with different size saw
blades.

According to the invention, there is provided a method of
dividing a two dimensional array of encapsulated integrated
circuits into individual integrated circuit packages, wherein
the array comprises a leadframe and an encapsulation layer
over the leadframe in which the integrated circuits are encap-
sulated, wherein the method comprises:

performing a first series of parallel cuts, the cuts extending
fully through the leadframe and encapsulation layer, and
defining rows of the array, wherein the cuts terminate before
the beginning and end the rows such that the integrity of the
array is maintained by edge portions at the ends of the rows;

plating contact pads of the leadframe, and including con-
tact pad edge regions formed by the first series of cuts; and

performing a second series of parallel cuts, angled with
respect to the first series of parallel cuts, the cuts extending
fully through the leadframe and encapsulation layer, and
separating the array into columns thereby providing singula-
tion of packages between the edge portions.

This method requires only two cutting operations, each of
which cuts fully through the leadframe and encapsulation.
Integrity of the structure is maintained after the first set of cuts
by ensuring they do not extend fully across the structure.
Instead, end edge regions are left intact. This provides the
required rigidity for the plating process despite the cuts
extending fully through the substrate.

The leadframe preferably comprises contact pads at the
underside of the leadframe, opposite the encapsulation layer.
This defines a leadless package. The plating preferably com-
prises tin.

The leadframe and encapsulation layer can be provided
over a tape, and the method then comprises removal of the
singulated packages from the tape.

After the first series of parallel cuts, the leadframe prefer-
ably provides electrical interconnection between all contact
pads in each row and provides electrical interconnection
between the contact pads of different rows by means of the
edge portions. This enables the contact pads to act as a single
electrode for electroplating.

Each package can comprise exactly one or two contact
pads at one edge and exactly one or two contact pads at an
opposite edge. This enables a simple design of leadframe to
provide the desired interconnections between contact pads
after the first set of cuts. This is most easily achieved if each
package comprises exactly two or three contact pads.

An example ofthe invention will now be described in detail
with reference to the accompanying drawings, in which:

FIG. 1 shows a known singulation method for an array of
leadless packages;

FIG. 2 shows an example of singulation method of the
invention, again for an array of leadless packages;

FIG. 3 shows an example of leadframe suitable for use in
the method of the invention;

FIG. 4 is used to explain how the leadframe of FIG. 3
provides the desired electrical connections; and

FIG. 5 shows one singulated package in side view.

The invention provides a package singulation method in
which two series of full depth cuts are used, with one series
angled with respect to the other to define a grid (for example
orthogonal cuts). The first series does not extend the full span
of the complete package, so that integrity of the structure is
maintained between the two series of cuts.
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FIG. 1 shows a known singulation method for an array of
leadless packages.

By way of example, two complete package structures 10
are shown over a tape 12. Each package structure has an array
of integrated circuits embedded in an encapsulation layer 14.
These circuits connect to a leadframe 16 in conventional
manner.

The leadframe 16 has contact pads 18 which are at the
bottom surface of each package, for connecting the package
to a PCB or other component. The cross sections in FIG. 1
(and FIG. 2) represent the packages upside down, since the
sawing operations take place from the underside of the pack-
ages.

In order to divide individual packaged chips from the 2D
array 10, a set of row cuts and column cuts are required.
However, plating of the leadframe contacts 18 is required
after a cut, so that an exposed cut edge is also plated.

A soldered lead end (as well as downward facing contact
face) is desired to ensure that the solder wetting quality is
clearly visible from all angles by the naked eye or by optical
inspection.

The first step of the known process is to provide a partial
cut, using a sawing blade 20, to expose side walls 22 of the
leadframe contact pad 18. This is shown in the top part of FIG.
1. The partial cut comprises a series of parallel cuts 24 defin-
ing a set of rows of packaged ICs, but these have not yet been
separated, because the partial cut does not extend fully
through the encapsulation layer, as can be seen in the middle
cross section in FIG. 1.

The middle part of FIG. 1 shows a deflashing and plating
operation, for example tin plating 26. This plates the base
areas of the contact pads 18 as well as the side walls 22.

Two sets of further full depth cuts are needed. A first set 28
completes the partial cuts and a second set 30 is orthogonal to
divide the structure 10 into a grid. The first set 28 uses a
thinner saw blade to prevent damage to the plated edge area.

The bottom cross section in FIG. 1 shows the partial cut
being completed. Because the blade is narrower than the first
blade, the edge of the package has a stepped edge profile, with
the edge of the contact in a recess.

This process requires accurate alignment between the two
stages of the cut.

FIG. 2 shows an example of singulation method of the
invention, again for an array of leadless packages. The same
reference numerals are used to denote the same components.

In this example, four complete package structures 10 are
shown over the tape 12. Each package structure again has an
array of integrated circuits embedded in an encapsulation
layer 14. These circuits connect to a leadframe 16 in conven-
tional manner.

The first step of the new process is to provide a full depth
cut, using a sawing blade 20, to expose side walls 22 of the
leadframe contact pad 18. This is shown in the top part of FIG.
2. The full depth cut 32 extends through the leadframe and the
encapsulation, but it does not extend fully across the package
structures 10. Instead, the cuts terminate before the beginning
and end of the rows such that the integrity of the array is
maintained by edge portions at the ends of the rows. These
edge portions 34 can comprise the first and last device areas in
the row.

Thus, the opposite end portions of the rows will not be used
to form devices, and can simply comprise additional dummy
areas.

The middle part of FIG. 2 shows the same deflashing and
plating operation, providing tin plating 26. This plates the
base areas of the contact pads 18 as well as the side walls 22.
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Only one further set of full depth cuts is needed. This set of
cuts 36 is orthogonal to the first set and divides the structure
10 into a grid.

The process can be implemented using existing packaging
platforms with very minimal added cost impact and zero
capital expenditure.

The process can be used for multiple /O terminal configu-
rations. The terminals need to be electrically connected to
each other after the first cut, so that they together define a
plating electrode. In the case of 2 I/O terminals, one on each
side of the package, tie bars connect all terminals together
even after the first cut, and the terminals are only isolated
from each other after the second cut. For example, assuming
the first cut divides the array into rows, the terminals along the
rows are connected by tie bars, and the terminals of the
different rows are connected together at the row ends, where
the first cut has not been made. This approach can be used
when there are two terminals on one side and one terminal on
the other side—again all three terminals can be connected
together by column-direction tie bars.

In the process of the invention, the cut edge of the lead-
frame terminal is fully covered with tin material after full
singulation.

The process of the invention thus provides good quality
terminals and enables only two sawing operations to be car-
ried out. After the first set of cuts, by maintaining the struc-
tural integrity, the structure is suitable for handling by an
automatic feeder for the (optional) deflashing and plating
process.

The unused space required to form the edge regions typi-
cally results in around 4% less devices per leadframe.

As mentioned above, the plating process requires all ter-
minals to be connected together electrically to form a plating
electrode.

FIG. 3 shows one example of design of the leadframe in
more detail. The right image is an enlarged portion of the left
image.

The grey areas 40 are the contact terminals, which extend
to the surface of the structure. Within the structure are tie bars
defined by the white areas 44. These areas 44 are embedded in
the encapsulation material. The black areas 42 are openings in
the pattern of the leadframe. In this example, each package
has two terminals 40, one at the top and one at the bottom. The
two terminals are connected together by tie bars 44 in the
column direction.

FIG. 4 is used to explain how the leadframe of FIG. 3
provides the desired electrical connections.

The top part of FIG. 4 shows the first set of cuts 32 in the
row direction. This set of cuts isolates the rows of packages.
However, within each row, the two terminals of each package
are connected together by the vertical tie bar portions 44, and
all terminals in the row are also connected together because
these vertical tie bar portions 44 extend in the row direction
(i.e. their width) between adjacent terminals. The edge por-
tions at each end of the cuts provide connections between all
rows (particularly the tie bar portions 45) so that all terminals
are electrically connected together and function as a plating
electrode.

The second set of cuts 36 is shown in the lower part of FIG.
4. A single packaged device is shown as 50. The sides of the
package have cut tie bar portions 52 as shown in FIG. 5. As
also shown, there is no step in the profile of the end wall.

The reference to rows and columns is somewhat arbitrary,
and these terms should simply be understood as used to
denote angled (ideally near orthogonal) lines, so that they
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together define a grid. Thus, “row” and “column” do not have
any special meaning in relation to the package contents or
connection terminals.

The structure of the leadframe and encapsulation, as well
as the plating process and material, and the optional deflash-
ing process has not been described in detail, since these
aspects are entirely conventional and do not need to be modi-
fied in order to implement the singulation method of the
invention.

In brief, the leadframe comprises is formed using a strip to
strip plating process.

The structure typically comprises the leadframe, chips and
gold connection wires, with the wires embedded in the mold-
ing compound. The leadframe and wirebonded units are
encapsulated using a transfer molding process.

The tin plating process is an electrolytic process in strip
format.

The sawing operation uses a saw blade in the form of a
diamond saw blade.

The tape is used to hold multiple packages together.

The invention can be applied to plastic or ceramic leadless
packages.

Various modifications will be apparent to those skilled in
the art.

The invention claimed is:

1. A method of dividing a two dimensional array of encap-
sulated integrated circuits into individual integrated circuit
packages, wherein the array comprises a leadframe and an
encapsulation layer over the leadframe in which the inte-
grated circuits are encapsulated, wherein the method com-
prises:

performing a first series of parallel cuts, the cuts extending

fully through the leadframe and encapsulation layer, and
defining rows of the array, wherein the cuts terminate
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before the beginning and end of the rows such that the
integrity of the array is maintained by edge portions at
the ends of the rows;

plating contact pads of the leadframe, and including con-
tact pad edge regions formed by the first series of cuts;
and

performing a second series of parallel cuts, angled with
respect to the first series of parallel cuts, the cuts extend-
ing fully through the leadframe and encapsulation layer,
and separating the array into columns thereby providing
singulation of packages between the edge portions.

2. A method as claimed in claim 1, wherein the leadframe
comprises contact pads at the underside of the leadframe,
opposite the encapsulation layer.

3. A method as claimed in claim 1, wherein the plating
comprises tin.

4. A method as claimed in claim 1, wherein the leadframe
and encapsulation layer are provided over a tape, and the
method comprises removal of the singulated packages from
the tape.

5. A method as claimed in claim 1, wherein after the first
series of parallel cuts, the leadframe provides electrical inter-
connection between all contact pads in each row and provides
electrical interconnection between the contact pads of differ-
ent rows by means of the edge portions.

6. A method as claimed in claim 1, wherein each package
comprises exactly one or two contact pads at one edge and
exactly one or two contact pads at an opposite edge.

7. A method as claimed in claim 6, wherein each package
comprises exactly two or three contact pads.
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